Title of (he Invention 



LITHIUM SECONDARY BATTERY 
Background of the Invention and Related Art Statement 

Tne present invention relates to a hthium secondary battery which 
.naintains a good charge-discharge cycle and in which safety may be 
secured with electricity being cut off when an excess current has occurred 
d „e to externa! short drcui, etc. so that the battery may not be exploded 
„„r be ignited, and in particular, to ahtinum secondary battery winch 
ma y be preferably usedfor driving a motor of an electric vehicle, etc. 

!n recent years, in midst that it is eageriy desired to regulate the 
emission of exhaust gas including ca*on dioxide and oti^er harmful 
substances with the elevation ofjv&nment protection campaign as a 
background the campaign to promote an introduction of an electric vehicle 
OtV) and a hybrid electric vehicle (HEV) has become active in replacement 
of automobilesusingfossafuels such as avehide driven by gasoline in the 
automobile industry. Alithium secondary battery as a moto,dnvmg 

rpv well as HEV into practical 
battery acting as a key for putting such EV as well 

use, is required tohave not only huge battery capacity butalsoahuge 
battery output much affecting acceleration performance as well as 
g.adeabihtyofavehicle^don the other hand, however, a strict safe 



standard has been established from the point of view of securing safety 
since Hie battery is provided with high energy density. 

In general, the internal electrode body of a lithium secondary battery 
comprises a positive electrode, a negative electrode and a separator made of 
porous polymer fflm, the positive electrode and the negative electrode being 

wound or laminated via the separator so that the positive electrode and 
negative electrode are not brought into direct contact with each other. For 
example, as shown in Fig. 1, an internal electrode body 1 of winding type is 
formed by winding a positive electrode 2 and a negative electrode 3, having 
a separator 4 in between, and tabs 5 are providedfor each of positive and 
negative electrodes 2, 3 (hereafter referred to "electrodes 2, 3") respectively. 
And, the ends opposite to the ends connected witix electrodes 2, 3 of each tab 
5 are attached to an external terminal (not shown) or an electric current 
extracting terminal (not shown) being conductive to the external terminal. 
That is, the tab 5 serves to act as a lead line (a current path) being 
conductive to the external terminal, etc. together with conducting current 

collecting from electrodes 2, 3. 

Here, a plan view of the electrodes 2, 3 when the internal electrode 
body 1 is spread out is shown in Fig. 2. The electrodes 2, 3 are formed with 
an electrode active material being coated respectively onto metal foils 15 
made of aluminum, etc. festive electrode 2 and made of copper for 

Jfetive electrode 3 respectively as current collecting bodies, thus forming 
an electrode active material layer 16. 
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The tab 5 is provided on one side of such a metal foil 15, and those 
having thin band shape are preferably used so that the portion where the 
tab 5 of the electrodes 2, 3 are attached may not swell to the direction of a 
periphery when the internal electrode body 1 was formed. In addition, 
they are preferably disposed in approximately uniform distance so that one 
tab 5 conducts current collecting from a constant area in the electrodes 2, 3. 
Incidentally, in general, a material to be usedfor the tab 5 is the same as a 
material of the metal foil 15 to which the tab 5 is attached. 

Incidentally, with respect to a lithium secondary battery for an EV or 
an HEV, it is necessary to use lithium secondary batteries with a voltage of 
around 4 V at the highest for a single battery, such single batteries in 
plurality being connectedin series, since a constant voltage is required to 
drive a motor, and, however, there is a case where discharge of alarge 
current not less than 100 A is required to obtain the herein desired 
acceleration performance or gradeability. For example, maintaining that 
200 V with 100 A be required and 3.6 V be an average terminal voltage at 
the time of discharge thereof, 56 units of single batteries are required to be 
connected in series, resulting in 100 A current flowing at each single battery 
at this time. 

The internal configuration of a battery must be designed so that also 
in the case where such a huge current flows, the battery may normally 
operate while the output loss is suppressed as low as possible. Therefore, 
paying attention to the current path from the above described internal 
electrode body 1 and the external terminal, it is deemed preferable that the 



resistance of members themselves of the electrodes 2, 3 as well as the metal 
foils 15, or the tabs 5 and the external terminals, etc. all configuring the 

electrodes 2, 3 is small. 

However, judging from the point of view of securing battery capacity 
as well as securing mechanical strength of electrodes, few degrees of 
freedom in setting quantity of the electrode active material layer 16 
configuring the electrodes 2, 3 and sizes of the metal foils 15 are permitted 
while as concerns the electric current extracting terminal 13, normally 
considering the shape of batteries, or the energy density thereof, the 
quantity of the maximum discharge current, light-weight low-resistance 
members with resistance values not more than a predetermined value 
within a range which is possible to set are used. 

On the other hand, the tab 5 has an allowable range to set up a 
resistance value on a point of view of feasibility to set up its shape freely as 
far as the shape of the tab 5 is to be housed in the space between the battery 
case housing the internal electrode body 1 therein and the internal electrode 
body 1. Metal members are used for the tab 5, whose resistance value is 
generally made smaller, nevertheless, the rate of the resistance value of the 
tab occupying the total internal resistance of a hthium secondary battery is 
not necessarily small, and cannot be ignored. 

On condition that a plurality of above described tabs 5 in the shape of 
foil band are used, a tab 5 adopting a larger cross-sectional area to make the 
resistance value smaller will result in introducing a situation where energy 
density of a battery gets decreased since the total weight of the tabs 5 will 



become heavier in spite that effective decrease in the internal resistance 
and effective decrease in the output loss is expected. 

On the contrary, making the cross-sectional area of the tabs 5 
smaller decreases the total weight of the tabs 5 andincrease^attery's 
5 energy density, but on *. other hand toe will occur suAproblems that 
the resistance value of the tabs 5 increases, the tabs due to increase 

in output loss because of increase of internal resistance or heat generatedby 
current, and toJ^%^ wul^sappear. Accordingly, from 
the standpoint to avoid such problems an^do well both in reducing output 
10 loss andin increasing energy density, cross-sectional area of notless than a 
certain value is required for the tabs 5. 

On the other hand, with respect to the above described problems, it is 
feared that an accident involving an explosion or an ignition may occur 
when a great current has been discharged at a time due to an external short 
15 circuit, etc. since ahthium secondary battery has higher energy density, 
and for the purpose of avoiding such situation in advance, "Guideline for 
safety evaluation on secondary Uthium cells (hereafter referred to SBA 
Guidelines)" published by Battery Association of Japan regulates that a 
hfltium secondary battery should be free of burst or ignition to be evidenced 
20 byanexternalshortcircuittest. To fulfill such a standard, in a lithium 
secondary battery various safety devices such as a current-limiting 
m echanism comprising a PTC element, a release mechanism of battery's 
internal pressure involving safety valves, and pressure joints, etc. are 
incorporated or proposed. 



Here a current fase is utilized in various dectric appliances, buthas 
never been used up to date as a current cutoff mechanism to be disposed 
tosi de a lithium secondary battery since a size or a sbape of the current fuse 
is subject to a limit. However, if to tab 5 can function as to current fuse, 
^ which an existing safety device may be replaced or concurrently 
disposed, it is deemed that a safety increase may be planned. 

!n the case where the tab 5 is used as a current fuse like this, the 
current cutoff value mustbe determined so that the t* 5 is fused vath a 
predetermined o.uanti* of excess current, but as mentioned above, there „ 
naturally alimitinto structural sbape of to tab 5. That is, 
purpose of using to tab 5 as a current fuse, the cross-sectiona! area of to 
tab 5 must be set not more than a predetermined value, but at the same 
to e,co^deringtofact tot to ,uan«ty of excess current may also defer 

d ue JS£ »£ -*> ' " 18 regalded " 

necessary to set the cross-sectional area of to tab 5 in accordance 

^ntity of a single battery's internal resistance. 



Summary of to Invention 

The present invention was attained by oontemplating to problems of 
the prior art mentioned above, and i* first purpose is to provide a litoum 
S econdarybatteryhavm g reah,edreductioninoutputloss m dincrease - 

energy density, and i* second purpose is to provide a lithium secondary 
hattery which has been planned to secure and increase in safety by 



in 



^o^^bsintothebat^asa— fuse, being a replacement 

for a conventional safety device or to be concurrent* disposed, and 
^erntoreitsthirdpurposeistoprovidea— secondary battery 

w hich concurrently realizes fcese characteristics, that is, reduction » 
outputlossandincreaseinenersydensi^.andsecurityofsafe^having 

given tabs a function as a currentfuse. 

That is, according to the present invention, there is provided a 

lithium secondary battery, comprising: 

anintem^electrodebodymcludingapositivedectrode.anegative 

strode, a.daseparator.t^epositiveeiectrode andt.enegativeelect.de 
fcemgwoundorlaminatedvia the separator so that the positive electrode 

^negative electrode are not brought^ direct contact ^ each 

other; 

an organic electrolyte; and 

atleast a plurality of tabs to be connected to each of the positive and 
negative eiectrodes for current costing, the tabs having a total cross- 
sectional area of *e tabs h^not less than a constant area in accordance 

.mrectedtoeach^theposTtive-negativeelectrodesmaynotmsewhen 

, at least X00 A current flows through the lithium secondary battery. 

In such a lithium secondary battery of the present invention, 
the relationship between materia! of the tab and total cross- 
sectional area of the tabs is preferably not less than 0.009 cm' for a!—, 
notiessthan 0.005 cm'for copper, andnotlessthanO.OOWfornickel, 
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farther preferably not less than 0.0 14 cm* for aluminum, not less than 0.008 
cm" &r copper, and not less than 0.008 cm' for nickel. A thickness of the 
tab is preferably not more than twice the thickness of an electrode active 
material layer in an electrode to which the tab is welded, and further 
preferably not more Aar^ckness of an electrode active material layer, 
that is, it is preferred that the thickness is set within a range where the 
portions where the tabs have been attached shall not swell when the tabs 
are attached to electrodes to be wound or laminated. Incidentally, from the 
print of view of reduction in internal resistance, a sum of resistance value of 
the tabs per a unit battery is preferably not more than 1 mO. 

In addition, according to the present invention, there is further 
provided a hthium secondary battery, comprising; 

an internal electrode body including a positive electrode, a negative 
electrode, and a separator, tire positive electrode and the negative electrode 
being wound or laminated via a separator so that the positive electrode and 
the negative electrode are not brought into direct contact with each other; 
an organic electrolyte; and 

at least a plurality of tabs to be connected to each of the positive and 
negative electrodes for current collecting, 

wherein the tabs function as current fuses. 

In such a hthium secondary battery, the relationship between 
material of the tabs and *«^fel cross-sectional area of the^when 
iutemal resistance of a unit battery is set B (mfl) is preferably not more 
than 0.36/R (cm') for aluminum, not more than 0.18/R (cm 1 ) for copper, and 
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not more than 0.14/R (cm*) for nickel, and more preferably not more than 
0 18/R (cm*) for aluminum, not more than 0.09/R (cm*) for copper, and not 
more than 0.07/R (cm*) for nickel. In addition, if the tab is provided with a 
narrow portion, the tab is easily made to function as a current fuse, which rs 

preferable. 

I, is preferable that the internal resistance in the above described 
hthium secondary battery of the present invention is not more than 10 mQ 
per a unit battery. In addition, by setting the relationship between 
material of the tab and total cross-sectional area of tire tabs at notless than 
0 008 cm* and not more than 0.36/E cm* for aluminum, not less than 0.005 
cm* and not more than 0.18/R cm* for copper, and not less than 0.004 cm* 
and not more than 0. 14m cm* for nickel, and further preferably at not less 
than 0.014 cm* and not more than 0.18/R cm* for aluminum, notless than 
0.008 cm* and not more than 0.09/R cm* for copper, and not less than 0.008 
cm* and not more than 0.07/R cm* for nickel, a battery having the 
character^ of the above described two kinds of hthium secondary 

batteries can be obtained. 

Incidentally, when deviation of respective resistance values of tabs 
remains within ±20% of an average value, fusing at one tab causes increase 
in current flowing tough the other tabs without malting a large current 
flow into one tab with priority since difference in quantity of current related 
t„thetabsissmall,thusfusingof*etabscanbecontronednottooccur m a 

chainedfashion. It goes without saying that lack of variance in shape of 
respective tabs is preferred for the purpose that such deviation of resistance 
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val ues of tabs is made smaller, and moreover when an endpart of tabs 
opposite to the end connected with electrodes is connected by pressure 
attachment, welding or eyelet, deviation of resistance for each tab having 
been connected with a battery can be reduced and preferable. 

The characteristics of to above described lithium secondary battery 
of the presentation are preferably adopted as a hflnum secondary 
battery with battery capacity of not less than 5 Ah, and to lithium 
secondary battery of to present invention is preferably used for an elecmc 
vehicle <EV) or for a hybrid electric vehicle (HEV). 

Brief Description of the Drawings 

Kg. 1 is aperspectiveview showing to structure of a wound-type 

internal electrode body. 

Kg 2 is a plane view showing to spread state of each positive 
electi.de and negative electrode^/Su^type infcmal electrode body. 

Kg. 3 is a perspective view showing one embodiment of to structure 
of a lamination-type internal electrode body. 

Kg 4 is a cross-sectional view showing one embodiment according to 
the hihium secondary battery using a wound-type internal electrode body. 
Figs. 5(a) and 5(b) are enlarged sectional views of to attachment 

part of tabs into electrodes plate. 

Kg 6 is a plan view showing one embodiment of a shape of a tab 
preferablyusableinaUtoum secondary battery of to present invention. 



xplanatory drawing showing a method of pressure 



Fig. 7 is an e: 
attachment of tabs to a rivet. 

^ 8 is an explanatory towing showing a method of tightening a 

screw for tabs. 

Fig. 9 is an explanatory drawing showing a method of measuring 
deviation of resistance of tabs. 



Detailed Description of Preferred Embodiment 

An internal electrode body of a lithium secondary battery of the 
present invention (hereinafter referred to as "battel comprises a positive 
electrode, a negative electrode and a separator made of porous polymer film, 
*. positive electrode and the negative electrode being wound or laminated 
for configuration so that the positive electrode andnegative electrode are 
n „t brought into direct contact with each other via the separator. In 
particular, as earher shown in Fig. !, a wounds internal electrode body 
! is formed by winding a positive strode 2 and a negative electi-ode 3 ™ a 
separator 4, and tabs 5 are providedfor the electrodes 2, 3. Incidentally, 
tbese tabs 5 can he attached to the electrodes 2, 3 wi* means such as 
supersonic welding, etc. at the time when the electrodes 2, 3 « wound 

together with the separator 4. 

On the other hand, as shown in Fig. 3, the lamination-type internal 
electrode body 7 laminates the positive electrode 8 and the negative 
electrode 9 alternately via the separator 10 with tabs 6 being connected 



to 



each of positive and negative electrodes 8 and 9 0«-^*— * 
•■electrodes 8, 9») respectively. Such internal electrode*** 1, 7 are 
basically configured to have a plurality of element batteries being connected 
in parallel, the element battery comprising positive electrodes 2, 8 and 
negative electrodes 3, 9 facing each other. 

The positive electrodes 2. 8 and tire negative electrodes 3, 9 are all 
producedby forming an e!ectr„de active material layer with electrode active 
materials being coa te d respectively onto metal foils as tire current coUectmg 
body Here, aluminum foils are preferably used as the current collecting 
body for positive electrodes 2, 8 and copper foils as the current collecting 
body for negative electrodes 3, 9 respectively, but titanium foils may be used 
as the current collecting body for positive electrodes 2, 8 and nickel Ms as 
the electrode collecting body for negative electrodes 3,9. 

For a battery with any of above described configurations, lithium 
transition metal compound oxides such as hthium cobalt oxidediCoO,), 
hthium nickel oxideff^iO,), litbium manganese oxide (HUnfii. etc. are 
generally used as/positive active materials. Incidentally, in order to 
inrprove the conductivity of tirese positive active materials, it is preferable 
to mix with an electrode active ma*rial a carbon powder such as acetylene 
black, graphite powder, etc. On the otherhand, for the negative active 
materials, an amorphous carbon material such as soft carbon or hard 
carbon, or carbon powder such as artificial graphite and natural graphrte, 
etc isused These electrode active materials are transformed into a slurry, 
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coated onto the current collecting body and stuck, thus the electrodes 2, 3, 8, 

9 are produced. 

As the separators 4, 10, it iWprable to use one having a three- 
lay er structure in which a^» <*" naving lithium ion permeability 
andindudingmicroporesissandwichedbetweenporouspolypropylene 

fihns having lithium ion permeability. This serves also as a safety 
mechanism in which when the temperature of internal electrode bodies 1, 7 
praised, the polyethylene film is softened at about 1WC so that the 
micropores are collapsed to suppress the movement of lithium ions, feat ,s, 
the battery reaction. And, since this polyethylene film is sandwiched 
between the polypropylene films having a softening temperature higher 
than the said polyethylene film, it becomes possible to prevent ft. direct 
contact between the electrodes (2, 3), (8, 9). 

Below, the present invention will be explained by using the case of a 
wound-type internal electrode body 1 as an example. Fig. 4 is a cross- 
sectional view showing one embodiment of the battery structure. The 
internal electrode body 1 has been inserted in a battery case 1 1 with the tab 
5 of the positive electrode 2 having been connected to a rivet 13 attached on 
a positive terminal plate 12, and the tab B of the negative electrode 3 having 
been connected to a rivet 13 attached on a negative terminal plate M 
respectively by pressure attachment. 

Electrolyte has been injected insidethe^attery case U, and as the 
electrolyte aphonic acid ester f amilyg^ Xylene carbonate (EC), 
diethyl carbonate (DEC), a*d dimethyl carbonate (DUO, and a nonaqueous 
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0Ig anic elects in which one - more kinds of lithium fluoride convex 
compound such as IiPF„, and liBF,, etc. or litinum hahde such as UdO. as 
an electroly* are dissolved in a single solvent or mixed solvent of organic 
events such as pr^ylene carbonate (PC), v-butyrolactone, tetiahydrofaran, 
and ace—, etc., are preferably used. Such electrolyte can he injected 
fom an open end after the other end of the battery case is sealed, and 
thereafter, the open end is blockaded, thus the injection can be conducted. 

Jncidentally, since metal material is generally used as the battery 
case U it ispreferable that an insulating sheet 17 has been disposed on the 
^atwaBof^ebatterycasen.astosecureinsula^onforfl.einterna! 

electrode body 1 and the battery case U. But the function of tins 
insulating sheet 17 may be replacedby the separator 4. 

in additions abattery shown inFig. 4, whenmetal material is used 
for the positive terminal plate 12 as well as the negative terminal plate H, 
it is necessary to provide insulation between the battery case 1 1 and these 
positive terminal plate » as well as the negative terminal plate 14, and 
tnus for the purpose of completing tire battery seal, sealing member 20 has 
been used Moreover, outside the positive terminal plate !2 as well as the 
negative terminal plate 13, external terminals 18 have been respectively 
providedandV-shape grooves 19 have been formed so that the V-shape 
„ 19 function as safety valves (pressure release valves) when the 
battery's internal pressure increases. aad^er 

Within the range of normal working current of such a battery^he 
tabs 5 must carry ou, its function as a current path without fusing. As for 
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as MO A flows as a normally required current. Accordingly, » *. — * 
invention, a.e total croas-sectional area of 5 is supposed to have not 

iess than a constant area in accordance wit$aiity of the material » be 
nsed for tire tab 5 so that at least a plurahty of tabs 5 for current costing 
to be connected to tire electrodes 2, 3 should not respectively fuse also when 
suchahugecurrenthasflown. Difference in melting point »d resistivity 

based on the quality of material. 

b particular, in a unit battery the relationship between material of 

the tab and total cross-sectional area of tire tab is preferably not less than 
0 009 cm'for aluminum, not less than 0.005 cm' for copper, and not less 
than 0.004 cm' for nickel as explmnedin detail in later described examples. 
H such cross-sectional area has been secured, an incident that *e tab 5 
fuses and brings function of the battery to a halt even when a current of 100 
Aflows can be avoided regardless of the resistance value of the internal 
electrode body. 

On the other hand, when the currentvalue is huge, avoltage drop 
depending on the battels internal resistance (hereafter referred to 
■■internal resistance") becomes greater, but in such a case tire voltage of 
closed circuit might go down under 3 V, which may frequently cause a 
problem in practica! use. Therefore, it is necessary to suppress the 
internal resistance^ more than Wma.ar.dfor that purposed 
preferable to limit the resistance value of entire tabs 5 to not more *an 1 



.0 per a unit battery. From such point of view, it is preferable to make 
totalcross-sectional area of the tabs 5 notless than 0.014 cm* for aluminum, 
not less than 0.008 cm* for copper, and not !ess than 0.008 cm' for nickel. 

In addition, it is preferable that thickness of a tab 5 is not more than 
^ce the thickness of an electrode active material layer 16 in *e electrodes 
2 3 to which the tab 5 is welded andfurther preferably is not more than the 
flnckness of the electrode active material layer 16. Here, with reference to 
Pi, 2 the thickness of the electrode active material layer 16 refers to the 
thickness of the electrode active material layer 16 of a unit layer formed on 
either side of the metal foil 15, that is one-side coating thickness. 

Figs. 5(a) and 5(b) are enlarged cross-sectional views showing one 
embodiment of the attachment part of the tabs 5 into the electrodes 2, 3 at 
the positive side in Kg. 4. But, it gc*s without saying that the similar idea 
can also be applied to arrangements for the negative side. As shown nr Kg. 
5(a) if thickness of the tab 5 is not more than twice the thickness of an 
electrode active material layer 18 in the positive electrode 2 to which the tab 
5 is attached, the metal foil IB as well as the separator 4 are bent in use of 
the space provided in the end part where any electiode active material layer 
18 has not formed, thus the risk that the tabs 5 contacts the positive 
electrode plate 2 gets smaller. In addition, since such status where the 
part to which the tab 5 is attached swells toward the periphery and the 
external diameter of the internal electrode body 1 partially expands can be 
avoided, inconvenience hardly occurs for housing of the internal electrode 
body into the battery case 11. Moreover, as shown in Fig. 5(b), when 
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^essofatabSisnot^e^.he^of^e.ect.ode active 
materiallayerie.neifter 

^swe^at.hea—tpa.of^^awmoceu.and^s^be 

more preferable # 

mddentally, if the total cross-sectional area of the tabs 5 gets greater 

with the lengft of tab, 5 being constant, ft. P-entage of weight of tabs 5 

occupy the battery increases, which becon.es, thus, disadvantageous 

fro mtheviewpointofenergydensity. Wording*, it is ***** *« *• 

cross-sectiona! area of the tabs 5 is determined within fte range where the 
t.hsdonotf.sefortheabovedescribedpredeterrninedcurrentvalues.and 

moreover by considering thickness as weU as weight of the tabs 5. 

N „w, in a battery shown in Fig. 4, safety valves using V-shape 
^oves 19 are only provided in each of positive and negative terminal 
pl ates 12, 14 as safety mechanism against excess — such as short 
c^uit curren, etc., but, otherwise, it goes without saying that safety 
nanisms may be concurrently provided, that is, a PTC element may be 
provided, or a pressure joint may be provided between *e rivet !3 and the 
externa terminal 18. However, ft. time when ftese safety mechanisms 
op.rat.omycomesaf.rahug.currenthasalreadyflown. Underthe 

outside a battery as a mechanism to cut off a current instant* at 
approximately the same time of occurrence of a huge current. 

However, the SBA guidelines regulate that a liftium secondary 
tatteryshoufdhefreeofburstorignitiontobeevidencedbyanext.nal 
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that ^e tate 5 W Mc haI eco nn . t ea to t h e i n temal e 1 ec tro aeboa yI »a y e 
l^as.^.se^— .intheintem, electro* 

being the source ot current has occurred. 

Basedonsuchtheo^^epresent— ,a tl easta«o £ 

^^orcurrentcoUec^toheconnecteato.e — .Bare-naae 
^cUonascurrent.ses.hut^scase.the — resistancetnuch 

l.— -a---— - r at :i:: 

lernal — , huge, a short d rCt .rrent 4 oes not g et ^r whne 
^^erexcesscurrent^swhenthe — — 

— — t *" 1 "T^TI. B 

accoraance^^e— . Here, although shapes of 

Lccoraance.^e.ate^ofthetahs.ana^heaeter^aUeh, 

total cross-sectional area of tabs 5. 

^ is, as concerns a current fuse, in the present invent, the 

^e^s.heninternalresistanceofaunithatter.issetK^ 
preferahlynotn.orethanO.^^foralnnv.unr.notnrorethanO.^ 

^fr—a— In aaatton, for the purpose of 
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^e^^^m^^. Byset^e 
reS istanceva 1 ue„ £ tabs5w ifll insu dl a ia n g e,acu ir ent may becu t o ff 

without ntatog a safety valve operate, name* without driving out 
vaporized.asofsuchasa.elect.ol^etc.^insideabatte.,. 

In cide»ta lly ,as Sh ow» i n Kg .6,na I rowpa r t S 2 lm a y bep ref e r ab ly 
p.videdin^etabs.^iteasie^o.tbetabsBtofunc.onasc^ 
fase , Into ca S e,to t a 1 c r o SS .sec li ona 1 a r eao f tabs5 r e f e r stototalc r oss 
^ona.areaofpa^wbe^ec.oss.ec.on^a^ena^pa^n 

becomes the smallest. 

Mso in such a batten where *e tabs 5 are provided with funcfcon as 
acurrentfuse.tbeinte^resistanceispreferablynot.ore^iOn.n 

peraunitbat^ry. due to a re,uest fro m appoint of vie. 

th atavo 1 ta g edropattbe to eo f nor m a 1 use S b„u 1 dbepreferab lym adeas 

sn.aUaspossibie and tbe output loss sWdbepreferab^ade as asanas 

possible. 

F „r the purpose of obtaining a batter, having the two tods of 

na m e ly tabs5never r usin g be C auseofahugecurrentunder»or mal wor ta ng 

eonaitionsofabatte^andontheo^rhand^etabsshavingafuncuon 

^seascurrentfuseswhenane.cesseurrentsuc.asashortcircuit 

current, etc. hasflown.it wOldo if the re^onship between catena! of the 
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tabs 5 and total corona, area is,set at not less *an 0.008 «• and not 
m „re than 0.36* cm* for aluminum, not less than 0.005 cm* and not more 
than 0.18* ^ for copper, and not less than 0.004 cm* and not more than 
0 14 *cm*for nickel, and further preferably atnotlessthanO.OHcm* and 
not more than 0.36* cm* for aluminum, not less than 0.008 cm* and not 
m0 re than 0.18* cm* for copper, and not less than 0.008 cm* and not more 

than 0.14/R cm 2 for nickel. 

incidentally, without taldng the present invention in particular, in a 

unit battery.when each tah 5 differs in terms of resistance value, there™!! 
occur difference in the value of current flowing through each tab 5, and a 
nuge current will first flow in a tab 5 wnh smafl resistance value, resulting 
m fusing of ihe tab 5, thus, the current paths reduce to concentrate currents 
into *. remaining tabs 5, and finally fusing of tabs 5 will occur inachamed 
fashion. For thepurpose of avoiding such chain-fusing of tabs 5, *» 
preferable that variation of respective resistance values of the tabs 5 rs 
arranged to remain within 120% of an average value. 

For example, it goes without saying that lack of variance in shape of 
respective tabs 5 is preferred so that such deviation of resistance values of 
tabs 5 is made smaller, and moreover, when an end part opposite to the end 
connected with electrodes of the tabs 5 is connected by pressure attachment 
or welding or eyelet, deviation of resistance of tire tabs 5 in a unit battery 
can be reduced and preferable. In such a connection method, it is thought 
that an alumina film formed on a surface of a tab made of aluminum 
(hereinafter referred to -Al tab'* and a copper oxide film formed on a tab 
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m ade of copper (hereinafter referred to "Cu tab") will respectively be 
destroyed to reduce contact resistance between tabs 5, and connection by 
me talpartsgenuinely of tabs 5 may become feasible, thus deviation,* 

resistance value may be controlled. 

t ^characteristics of the above described lithium secondary battery 
of the presentation are preferably adopted as alitiuum secondary 

battery with battery capacity of not Jess than 5 Ah, and the hthium 
secondarybatteryispreferablyusedforanelectiicvenide^orfora 

hybrid electric vehicle (HEV). 

So far, a case involving a wound-type internal electrode body 1 has 
„een explained as „ example ojLemfidiment of the present invention, 
however, it is obvious that the above described conditions are applicable * 
tne case involving a lamination W e internal electrode body 7 as well. 

Next, the present invention is explained in furtirer detail by way of 
examples, but it goes without saving ihat the present invention is not 
Hmited to the above described embedments as well as foUowing examples. 

Example (Measurement of resistance value as wen as current -proof value 
of a tab) 

For the purpose of checking out material of a tab , cross-sectional area 
thereof, and a current value with which the tab does not fuse, whether 
^goccursomothasbeen cheeked out, involving tabs respectively made 
of various kinds of materials whose width is 10 mm, length is 50 mm and 



J^^^S^efe bo* ends being grasped and a 
predetermined ^ntbein^ad^wbywayofaconsta.t-cu.entpowe, 
supP l y for two minutes. Test conditions as weU as results are indicated » 



Table 1. 



[Table 1] 



Test 
sample 
number 



Quality of 
material 



Thickness 0*m) 



Current value (A) 



Occurrence of 
fusing of a tab 




LO 



I, is understood that as a result shown in Table 1, in the case where 
tabs are made of aluminum, four sheets each with 20 m thickness (total 
^■sectional area: 0.008 art and approximately 1.7 sheets each wth 50 
„ thickness (total cross-sectional area- 0.0085 art are to be reaped so 
that the tabs do not fuse at 100 A. Accordingly, in the case of an Al tab, tf 
it hastotalcross-sectionalareaofn„tlessthan0.009cmMtshalln„tfaseat 



a 100 A current. 
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^.itis—dthatin^e ease whe. tabs axe.ade of 

not fuse at a 100 A — . Incident, a!so for tab, made of «W 
^einaf.r^dto^^e.pe—^tothosede.noed 

aboV enavebeenconduc te d — 

from fusing at 100 Accent was not !ess *an 0.004 cm'. 

On tbeo^hand, resistance values of onesheet of tab Webeen 

m easn I ed,ave I a g evaluesofw.cn h avebeen 7 n 1 afo I a,Mtab^, 
sectional area: 0.002 cm 2 ) with thickness oi 

^.eviewpo.tof.educ.onintbeinte^— , for *e purpose 

o^ntroU^resistancevaluesof^tabstonotmorefbanlma^ 

sn eetsofAltabwi dia nc i ne S sof 2 0o J n,*atis,not 1 ess fll an0.014c mm 

^^« B -^--.--***-•'' 0 ■ , *- Nl 1 t,fc, * 

seCnalareawuldo. m fbe ease wnere tabs witb a variet, of ^ ss 

tab s to be used are set in accordance so that sucb 

predetermined totalcross-sectional areas may be proved. 
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• w EVorHEV.it is assumed a current with 

Incidentally, in battenes for EV 

, to200Ashouldflow ) butitistobeunderstoodthat 
a value close to 2UU A snuux 

the total cross-sectional area xsapp 
.eawhichdoesnot^at^fonne.v-desc.bed^A. 

• * a wterv and current-carrying test) 

I toK g 4havebeenfornredasper,hefouowing 
lllltla^eUa.^^aaded^ve 

conductivity to tins, and of m ^uni foil with 

W^tMspaste^coatedon^ avtogan 
„ of 25 pm, a positive electrode has ^ 

u „„„fthe length towards winding direction 
strode Plane shape of thelengt fomedwitha 

n^thp other hand, a pasxe u<* 
*" a * M " * ^asanegativeactiveinater^which 
^graplnti.edoarhonpowd^as - ^^^^ 

ah.derandasolventarenn^and^s ^ 
.aesofaeopperfodwifh^es « ^ ^ 

J direction 4000 mm x the witttn^ 

PO-electrode.andnegati. 

dectrode 3 were w ^ m 

of polypropylene and at the same time then 



„ attached respectively to the electrodes 2, 3 by ultra 
thickness were attacneoie F . tia i e htline 
othattheywereaxrangedtomakeanapproxuaatestrargh 

^•hng so that they f „ ma l electrode body !, and so that 

each o£ electrodes2, 3 was placed at ever^e, 
^tand^ersothatoneomeelecWeswas^edatone 
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ternal electrode body 1. 
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Example 



Comparative 
_exami>lel — 
Comparative 

example^ 
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10 



tabs, 
10 



10 



Pressure attachment 

, b^rivet r 

Pressure attachment 

Fusing did 
Tightening by screwj^^^ccu^ 



Fusing did 
pot occur 
Fusing 
occurred 




of Al tabs ofCu 1"*^^! **- 



Fusing did 
pot occur _ 
Test not 
feasible^ 



Fusing 
occurred. 
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• t, 13 respectively being the current extracUng 
the tabs to rivets 13 respecu 

nf 1 ton/cm 2 , attaching a copper-made negative 
„ nd er pressure of 1 ton/cm rfT^^ positive ^a! 

plate H onto the negative nvet 13 aadjjpi 



*• ow And then the negative side 

-" -"Z-r^l 

„£ .he battery case U was sea! ^ rf 

iokve tormina! of the battery case U, *e ~ 
r i +q t iPF was dissolved to yield l moi 

VC and DEC where electrolyte UPF 6 was 

^«--«.-.--•----*--'- ,,l - ,,a,,, " 

We 8 usmga^irrentextractingtenn.nalcompnsmg 
as shown in Fig. 8, using^ 24 and the nut 

, t« tabsSweresandwichedbetweenthatboltZ 
24 and a nut 25, tabs ^ for g 

* a other conditions were set to be uiesa 

- . - »— .«•——"" „„„,,„„.«,<»«,. 

l. *S as well as to a rivet 13 as snow 

— X . In addition, as for the 
^Exampieaswenas omp ..^a.**.- 

e.eofComparativeexan.pie.be 

stance of tabs 5 were measureiby a sunn f 
whil e in the case of Comparative example 2,awide 
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-a ^+20% of an average value was 
^piotted^^^eofnotw.derman^O, 

presented. wterv has been conducted by 

Successively.anoperationtestonabat^ha 

, „nOOAaswdlas200Auv*<heformedbattery. 

fcschar^currents ^ — ^ 

Resultsarealsoputdownu, Table ^ a 

current value of any of 100 A ana 

1*1 fusing of tabs 5 was observed, and norm 

Comparative example « ^ n at discharge of 100 A. On 

• ftw battery was not conducted even a 
operation of the battery occurred 

v a •„ a battery of Comparative example 2, no p 
the other band, ma battery rtf o 00 A 
f 1 00 A but the tabs fused at discharge of 200 A. 
at discharge of 100 A, but w lo 9 the tabs 5 have the 

abattery for Comparative example 2, the 
As concerns abattery difference 

^ comparative example 2 as comp ^ 
„ceof fa s to goftab S 5* achate bs 

5lOT ^ within ±20% of the average value. 
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(External short circuit test) ^ pabove 

„ t „ d Atthistime.therasistaacevalueofaeextemalshort 

^(hereinafterreferredto exte Come(lttcntly>in(ll ecase 
.changeccespon^tointen-a!— ce. Conse, , 

• tofl p P was set 1.5 times the internal 
wh ere an external -stance 

— '~zizz 

circuit, occurrence ot cracus in v 

COnfirmed ' ♦ vv. this behavior of a battery is 

in the external short circmt test, hke Uns, 

t „mal circuit resistance, thus for the purpose of 
different as per externa! orcut ^ ^ 

conductoicombineduseofa^basacurrentfuse.rt. 

rrrr- — r~ 

tv is 25 Ah and the internal resistance xs 5 mil, a short 
current capacity is & An, <ui 
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^tcnrrentofapp— V-^- — 
being 8 toes *at in case of current value of 100 A. an 

.KoseM^nave^c.oss.secUon^aofO.Xc.n^ 

, . „f 0 05 cm* nave been respectively formed, and an exteraal 
total area of 0.05 cm na resistance 

* f , „ of 0 06 cm 2 , immediately after short 

tabsUtotalcross.sectionalareaofO.06cm 

• tAltabsandCutabsfusedandboththecurrentandthevol 
cxrcuxt, Al tabs an CXOS s-sectional 
, rt u + +\, 0 ntber one comprising Al taos wiu 

of a method similar to the above described method 

Npxt bv way 01 a mexnuu w. 

™ath etc of electrodes, various 
fo^abattery.^^area,^ ^ 

---^7rr:ir^-meo^.at. 

^ttestbasbeenconducted. Asare ^ 
A1 tabsareprovidedn„tmore t har l 0.36/R<cm'),K(mn)bem g 

itance.^wor.ascnrrent.se-ntbe.ternafsbort^t 
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/ r athus fulfill tbeSBA guidelines. 

^tbout the safety valve operas -g^ ^ ^ . ^ 
^eexte^circmtre^ancebemg ustagabatKiy 

battery compnsmg . . . M tabs having total cross- 

^ert^O.^anaaoattery-pr^ ^ 

^~*"*~^^-~»<» 

external shortcut test. ^ safety valve did not operate, 

— — H^onalarea^O.OB^.es^ty 

valveoperateaatters.0,^ 
igni tion of the battery drdnottakep 

valve. ..basbeen-mderstoodftatmthAltabs 
^sultoftheabove.rthasbee ^^^^ 

bavins «* cross-sectional area of n* ^ ^ ^ 
val vedoesnot operate W >t ner .andsuch 

^^rrteltr.as.eco.neobvrous.attotalcr., 
a tab is preferable. I^wis 
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0.07/R cm 2 for Ni tabs will do. 

+n a lithium secondary oaweiy ui 
As described above, according to a hfln 

anexceUentefEectftatwi^outtab'sfosu.gwxtoa 
^ Dt— .^^on^aoUabsisset^ 



woll rin g current range since total cross 



«,„t loss as well as improvement in 
• ranee reduction m output loss as w 
^ppropnaterange^ s ^ on „e otnerban, an 

^ergydens.tymayfariherbep ^ toprovem ent in safety may 

^enenteffecttnats^rityoXsafetyaswenasnnpro 

nidbybav.g.esecbar— ^tan.uslyin — 
fashion can be achieved. 



